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TITLE OF THE INVENTION 

MULTILAYER PRINTED CIRCUIT BOARD 

J " BACKGROUND OF THE INVENTION- ----- - - - 

Field of the Invention 
5. The present invention relates to a multilayer 

printed circuit board (PCB) . 
Related Background Art 

Japanese Laid-Open Patent Publication No. 2000- 
188478 discloses a multilayer PCB in which the 

10 dimensions of conductors (signal vias) and a middle 

connecting layer (a via land) between the conductors 
are determined to stabilize the characteristic 
impedance of the PCB. 
SUMMARY OF THE INVENTION 

15 In one aspect, the invention relates to a 

multilayer PCB comprising: a first signal transmission 
line; a second signal transmission line opposite to the 
first transmission line; a first ground layer opposite 
to the first transmission line; a second ground layer 

20 opposite to the first ground layer; a first insulator 

disposed between the first and second transmission 
lines; a second insulator disposed between the first 
and second ground layers; a signal via passing through 
the first insulator and connected between the first and 

25 second transmission lines; and a ground via passing 

through the second insulator and connected between the 
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first and second ground layers. The signal via is 
separated from the first and second ground layers. The 
ground via is separated from -the signal- via-. The first- 
ground layer has an end protruding with respect to the 
5 second ground layer. The end extends nearer to the 

signal via than an end of the second ground layer 
opposite to the end. 

The end of the first ground layer may include a 
portion which abuts an end face of the ground via and a 

10 portion directly adjacent to the abutting portion. The 

end of the second ground layer may abut an opposite end 
face of the ground via. The adjacent portion of the 
first ground layer may extend from the ground via 
toward the signal via along the first transmission line 

15 beyond the end of the second ground layer. 

An area of the first ground layer overlaid with 
the first transmission line enlarges due to the 
protruding end of the first ground layer. Therefore, 
the characteristic impedance of the transmission line 

20 is continuous by a longer length,- and this improves 

impedance matching of the transmission line. Thus, the 
characteristic impedance of the PCB can be stabilized. 

The end of the second ground is farer from the 
signal via than the end of the first ground layer 

25 Therefore, the ground via can be sufficiently separated 
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from the signal via, and this can advantageously 
stabilize the characteristic impedance. 

- The - PGB- may further comprise- another plurality of 
ground vias. The ground via and the other plurality of 
5 ground vias may be disposed at equal intervals on a 

line forming a square around the signal via. Such 
arrangement of the grand vias is beneficial when the 
first transmission line has two sides extending 
straight in parallel. In this case, some of the ground 

10 vias can be placed in parallel to these sides of the 

transmission line with a uniform distance. Therefore, 
it is possible to reduce the adverse effect of the 
ground vias on the impedance matching of the first 
transmission line. This can further stabilize the 

15 characteristic impedance. 

The ground via and the other plurality of ground 
vias may be disposed at equal intervals on a line 
forming a circle around the signal via. The impedance 
matching can be favorably achieved by arranging the 

20 ground vias at equal intervals around the signal via. 

Such arrangement can simplify designing the PCB. 

In another aspect, the present invention relates 
to a light transceiver comprising: the above PCB; and - 
light-emitting module, a light-receiving module and an 

25 electronic element mounted on the PCB. The electronic 

element is electrically connected to the light-emitting 
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module or the light-receiving module by the first and 
second transmission lines of the PCB. 
• ? In still another aspect, the- present- invention 

relates to a transponder comprising: the above PCB; a 
5 light-emitting module, a light-receiving module, a 

multiplexing IC and a demultiplexing IC fixed to the 
PCB, The light-emitting module may be electrically 
connected to the multiplexing IC by the first and 
second transmission lines of the PCB. The light- 

10 receiving module may be electrically connected to the 

demultiplexing IC by the first and second transmission 
lines of the PCB. 

Further scope of applicability of the present 
invention will become apparent from the detailed 

15 description given hereinafter. However, it should be 

understood that the detailed description and specific 
examples, while indicating preferred embodiments of the 
invention, are given by way of illustration only, since 
various changes and modifications within the spirit and 

20 scope of the invention will become apparent to those 

skilled in the art from this detailed description. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional side elevation of a 
multilayer PCB in accordance with an embodiment of the 

25 present invention; 
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Fig. 2A is a top plan view of the PCB shown in Fig. 
1, Fig. 2B is a sectional view taken along the line 2B 
- -- - 2B in Fig . .1 , and Fig. 2C is a bottom plan- view of 
the PCB shown in Fig. 1; 
5 Fig. 3A is a sectional side elevation of the 

comparative example, and Fig. 3B is a sectional view 
•taken along the line 3B-3B in Fig. 3A. 

Fig. 4A is a schematic diagram showing arrangement 
of a ground layer and ground vias in a comparative 
10 example of a multilayer PCB, and Fig. 4B is a schematic 

diagram showing arrangement of a ground layer and 
ground vias in the embodiment; 

Fig. 5A is a graph showing the relationship 
between frequency and reflection characteristic in the 
15 comparative example, and Figs. 5B to 5D are graphs 

showing the relationships between frequency and 
reflection characteristic in examples of the 
embodiment; 

Fig. 6 is an exploded perspective view of a 
20 optical link module comprising a light transceiver 

having the PCB .of the embodiment; 

Fig. 7 is a cross-sectional view of a transponder 
having the PCB of the embodiment; 

Figs. 8A - 8C are schematic diagrams showing 
25 examples of an extending portion of a first ground 

layer; and 
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DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiments of the present invention 

-will" be described below in — greater detail- with 

reference to the accompanying drawings. To facilitate 
5 understanding, identical reference numerals have been 

used, where possible, to designate identical or 
equivalent elements that are common to the figures 
without repeating the overlapping descriptions. 
First Embodiment 

10 Referring to Figs. 1 and 2A - 2C, a first 

embodiment of the present invention will now be 
described. Fig. 1 is a sectional side elevation of a 
multilayer PCB of the first embodiment, Fig. 2A is a 
top plan view of the PCB, Fig. 2B is a sectional view 

15 taken along the line 2B-2B in Fig. 1, and Fig. 2C is a 

bottom plan view of the PCB. 

As shown in Fig. 1, the multilayer PCB 1 has first 
to third layers LI - L3 . The first layer LI includes a 
first signal transmission line 11. The third layer L3 

20 includes a second signal transmission line 12. As 

shown in Fig. 2A and Fig. 2C, the first and second 
transmission lines 11 and 12 may be elongated layers 
made of copper, for example, and have a thickness of 
approximately 0.018 mm. 

25 An end of the first transmission line 11 is 

opposite to an end of the second transmission line 12. 
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These ends are connected to each other through a signal 
. * via 13. The signal via 13 is a cylindricall y shaped 

— conductor extending along the layered direction of the 

layers LI to L3 . A signal current on the first 
5 transmission line 11 can flow through the signal via 13 

into the second transmission line 12. The signal via 
13 includes a first via 13A and a second via 13B placed 
coaxially and aligned with each other in series. The 
vias 13A and 13B are both cylindrical and have the same 

10 diameter. A via land 19 is placed between the end 

faces of the vias 13A and 13B. The via land 19 will be 
described in detail later. 

An electric insulator 14 is sandwiched between the 
first and second layers LI and L2, and also between the 

15 second and third layers L2 and L3 . Therefore the 

insulator 14 is interposed between the first and second 
transmission lines 11 and 12. The thickness of the 
insulator 14 is approximately 0.11 mm. The first 
transmission line 11 is provided on the front surface 

20 of the insulator 14, and the second transmission line 

12 is provided on the back surface thereof. The signal 
via 13 passes through the insulator 14. 

A second layer L2 is located between the first and 
third layers LI and L3 in the insulator 14. The second 

25 layer L2 includes a first ground layer 15 located 

opposite to the first and second transmission lines 11 
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and 12. As shown in Fig. 2B, the ground layer 15 
extends surrounding the signal via 13 in the second 
layer L2 . The ground layer 15 includes a portion 15A 
overlaid with the first transmission line 11 and a 
5 portion 15B overlaid with the second transmission line 

12. 

The third layer* L3 includes a second ground layer 

16 opposite to the first ground layer 15. The 
insulator 14 is interposed between the first and second 

10 ground layers 15 and 16. As shown in Fig. 2C, the 

second ground layer 16 surrounds the second 
transmission line 12 in the third layer L3 . A first 
ground via 18A is connected between the first and 
second ground layers 15 and 16 through the insulator 14. 

15 The ground layers 15 and 16 are kept at nearly the same 

potential by the via 18A. 

The first layer LI includes a third ground layer 

17 opposite to the first ground layer 15. The 
insulator 14 is interposed between the first and third 

20 ground layers 15 and 17. As shown in Fig. 2A, the 

third ground layer 17 surrounds the first transmission 
line 11 in' the first layer LI. A second ground via 18B 
is connected between the first and third ground layers 
15 and 17 through the insulator 14. The ground layers 

25 15 and 17 are kept at nearly the same potential by the 

via 18B. 

8 
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Third to eighth ground vias 18C to 18H are 
provided to the periphery of the signal via 13 as well 

- as the vias - 1-8 A- and 18B-. The first- to eighth-— ground- 

vias 18A to 18H are cylinders with the same diameter 
5 that is filled with an electric conductor. The ground 

vias 18A to 18H are provided for impedance matching of 
the signal via 13. The ground vias 18A to 18H are 
placed at equal intervals on a line that forms a square 
around the signal via 13 in a plane perpendicular to 

10 the via 13. The vias 18C - 18H are arranged along the 

transmission lines 11 and 12 at the side thereof. As 
shown in Figs. 2A - 2C, the square shaped arrangement 
enables a constant distance between the vias 18C - 18H 
and the transmission lines 11 and 12. This simplifies 

15 impedance design of the PCB 1, and the distance between 

the ground vias 18C - 18H and the transmission lines 11 
and 12 can be determined easily. 

The first and second ground vias 18A and 18B have 
the same length. The third to eighth ground vias 18C 

20 to 18H all have nearly the same length as the signal 

via 13. The ground vias 18A - 18H extend nearly 
parallel to the signal via 13. The third to eighth 
ground vias 18C to 18H pass through the insulator 14 
and the first ground layer 15, and are connected 

25 between the second and third ground layers 16 and 17. 

The first to third ground layers 15 - 17 are connected 
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to each other by the ground vias 18A - 18H, and thereby 
the ground layers 15 to 17 are kept at the same 
potential" with high- stability". " 

As shown in Fig. 1 and Fig. 2B, the via land 19 is 
sandwiched between the first and second vias 13A and 
13B in the second layer L2 . The via land 19 is an 
electrically conductive circular plate. The diameter 
of the via land 19 is greater than those of the first 
and second vias 13A and 13B. The end surfaces of the 
vias 13A and 13B are in contact with the both principal 
surfaces of the via land 19. The vias 13A and 13B are 
electrically connected to each other through the via 
land 19 and serve as the signal via 13. 

The ground layers include the via lands which are 
portions in contact with the ground vias for electrical 
conduction between the ground layers and the ■ ground 
vias. As shown in Fig. 2A, semicircular via lands 17B 
to 17H are formed in the third ground layer 17 to abut 
the second to eighth ground vias 18B to 18H, 
respectively. As shown in Fig. 2B, semicircular via 
lands 15D and 15G are formed in the first ground layer 
15 to surround the ground vias 18D and 18G, 
respectively. As shown in Fig. 2C, semicircular via 
lands 16A and 16C to 16H are formed in the second 
ground layer 16 to abut the first ground via 18A and 
the third to eighth ground vias 18C to 18H, 
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respectively. All these via lands, which are used for 
the ground vias, have the same diameter. The diameter 

is greater than those of "the—ground- vias v 

As shown in Fig. 2B, an end portion 15C of the 
5 first ground layer 15 extends from the first ground via 

18A toward the signal via 13 along the first 
transmission line 11. As shown in Fig. 2B and 2C, the 
portion 15C protrudes with respect to the second ground 
layer 16, and extends nearer to the signal via 13 than 

10 an end of the second ground layer 16 which is opposite 

to the portion 15c. The portion 15C is directly 
adjacent to a portion of the ground layer 15 which 
abuts an end face of the ground via 18A. The end of 
the second ground layer 16 abuts the opposite end face 

15 of the ground via 18A. As shown in Fig. 1, the portion 

15C protrudes beyond the end of the second ground layer 
16. The portion 15C is directly under the transmission 
line 11. The first ground layer 15 has a larger area 
overlaid with the transmission line 11 than the second 

20 ground layer 16 because of the extended portion 15c. 

The edge 15D of the portion 15C is located nearly at 
the middle between the ground via 18A and the signal 
via 13 in this embodiment. 

A portion 15F of the ground layer 15 extends from 

25 the second ground via 18B toward the signal via 13 

along the second transmission line 12. As Fig. 2A and 
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2B show, the portion 15F protrudes with respect to the 
third ground layer 17, and extends nearer to the signal 
• - via 13 than an end of the ground — layer — 1-6 which- is 
opposite to the portion 15F. The portion 15F is 
5 directly adjacent to a portion of the ground layer 15 

which abuts an end face of the ground via 18B. The end 
of the third ground layer 17 abuts the opposite end 
face of the ground via 18B. As shown in Fig. 1, the 
portion 15F protrudes beyond the end of the third 

10 ground layer 17. The portion 15F is directly over the 

transmission line 12. The first ground layer 15 has a 
larger area covering the transmission line 12 than the 
third ground layer 17 because of the extended portion 
15F. The edge 15H of the portion 15F is located nearly 

15 1 at the middle between the ground via 18B and the signal 
via 13 in this embodiment. 

The advantages of the PCB 1 will now be described. 
The first ground layer 15 has a larger area extending 
in parallel to the first transmission line 11 due to 

20 the extended portion 15C. Therefore, the 

characteristic impedance of the transmission line 11 is 
continuous by a longer length near the signal via 13. 
As a result, the characteristic impedance of the PCB 1 
can be stabilized. Similarly, The first ground layer 

25 15 has a larger area extending in parallel to the 

second transmission line 12 due to the extended portion 

12 



15F. Therefore, the characteristic impedance of the 
transmission line 12 is continuous by a longer length 

near the signal" via 13 . As a result, - the 

characteristic impedance of the PCB 1 can be further 
stabilized. 

The ground vias 18C, 18D, 18F and 18G are placed 
in parallel to the both sides of the first transmission 
line 11 with a uniform distance due to the rectangular 
arrangement of the grand vias. Similarly, the ground 
vias 18D, 18E, 18G and 18H are placed in parallel to 
the both sides of the second transmission line 12 with 
a uniform distance . This reduces the adverse effect of 
the ground vias on the impedance matching of the 
transmission line 11 and 12, and therefore the 
characteristic impedance can be further stabilized. 

As shown in Fig. 1, the extended portion 15C of 
the first ground layer 15 protrudes with respect to the 
via land 16A of the second ground layer 16 and extends 
nearer to the signal via 13 than the via land 16A. 
Also, the extended portion 15F of the first ground 
layer 15 protrudes with respect to the via land 17B of ' 
the third ground layer 17 and extends nearer to the 
signal via 13 than the via land 17B. Therefore, the 
ground vias 18A and 18B which abut the via lands 16A 
and 17B can be sufficiently separated from the signal 
via 13. Consequently, the ground vias 18A and 18B can 
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advantageously stabilize the characteristic impedance 
of the signal via 13. Moreover, contact between the 

second and third ground layers 1.6 and 17- and the signal 

via 13 can easily be avoided when manufacturing the PCB 
5 1. 

In order to optimize the characteristic impedance 

of the first transmission line 11 near the signal via 

13, the extended portion 15C is preferably as close as 

possible to the signal via 13. However, if the 

10 extended portion 15C is too close to the signal via 13, 

i 

a mismatch in the characteristic impedance of the 
signal via 13 becomes large, and the stability of the 
characteristic impedance of the PCB 1 is hindered. 

The inventor of the present invention conducted 

15 experiments to calculate the length of the extended 

portion 15C at which the characteristic impedance can 
be suitably stabilized. The inventor prepares a 
comparative example as shown in Figs 3A and 3B. Fig. 
8A is a sectional side elevation of a multilayer PCB 70 

20 of the comparative example, and Fig. 8B is a sectional 

view taken along the line 8B-8B in Fig. 8A. The PCB 70 
has first and second signal transmission lines 71 and 
72, a signal via 73, an insulator 74, first to third 
ground layers 75 - 77, ground vias 78A - 78H and a via 

25 land 70. As shown in these figures, the PCB 70 has a 
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configuration similar to the above PCB 1, except that a 
ground layer 75 does not have an extended portion. 

Fig-- 4A is a -schematic diagram- -showing- -the ■-- - 

arrangement of the ground layer 75 and the ground via 
5 78A in the comparative example. Fig. 4B is a schematic 

diagram showing the arrangement of the ground layer 15 
and the ground via 18A in the embodiment. In these 
diagrams, the signal transmission line opposite to the 
ground via is shown by a broken line. The via lands 

10 formed on the periphery of the ground via and the 

signal via are omitted in these figures. 

In the comparative example, the edge 75E of the 
ground layer- 75 is aligned with the center of the 
ground via 78, as shown in Fig. 4A. A distance Dl 

15 between the centers of the ground via 78 and the signal 

via 73 is 0.64 mm. The specific inductive capacity of 
the insulator 74 is 3.74, the diameter of each via is 
0.15 mm, and the diameter of each via land is 0.25 mm. 
In the embodiment, the ground layer 15 extends from the 

20 ground via 18A toward the signal via 13, as shown in 

Fig. 4B. D2 is a distance between the edge 15E of the 
ground layer 15 and the center of the signal via 13. 
The specific inductive capacity of the insulator, the 
diameter of each via, and the diameter of each via land 

25 are all the same as in the comparative example. Three 
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PCBs were prepared as examples of the embodiment, 
wherein the distances D2 are 0.2 mm, 0.3 mm and 0.4 mm. 

The inventor measured the relationship between the- - 
frequency and the characteristic impedance of the 
5 comparative example and the examples of the embodiment. 

The results are shown in Figs. 5A - 5D. Fig. 5A is a 
graph showing the relationship between the frequency 
and the reflection characteristic in the comparative 
example, and Figs. 5B - 5D are graphs showing the 

10 relationships between the frequency and the reflection 

characteristic in the examples of the embodiment. In 
Figs. 5B to 5D, D2 is 0.3 mm, 0.2 mm and 0.4 mm, 
respectively . 

In the comparative example, as shown in Fig. 5A, 

15 the reflection characteristic is greater than -20 dB in 

a broad frequency region, and a stable characteristic 
impedance was not be obtained. By contrast, as shown 
in Fig. 5B, in the example where D2 = 0.3 mm, the 
reflection characteristic in a region with frequencies 

20 of 18 GHz or less is always -20 dB or less, and a 

stable characteristic impedance was obtained. As shown 
in Fig. 5C, in the example where D2 = 0.2 mm, the 
reflection characteristic exceeds -20 dB in a 
relatively wide frequency region. More favorable 

25 reflection characteristic was obtained than that in the 

comparative example, though the characteristic 
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impedance of this example was not as stable as that of 
the example where D2 = 0.3 mm. Furthermore, in the 

- example where D2 = 0 . 4 nun, as shown in Fig. 5D, the- 

reflection characteristic exceed -20 dB in a wider 
5 frequency region. More favorable reflection 

characteristic was obtained than that in the 
comparative example, though the characteristic 
impedance of this example was not as stable as that of 
the example where D2 = 0.3 mm. 

10 From the above-described experiments, the inventor 

thinks that the distance Dl between the end of the 
first ground layer 15 and the center of the signal, via 
13 should preferably be 0.3 to 0.7 times the distance 
between the center of the ground via 18 and the center 

15 of the signal via 13 in order to obtain favorable 

characteristic impedance . 

Examples of a product including the above- 
described multilayer PCB 1 will now be described. 

Fig. 6 is an exploded perspective view of an 

20 optical link module 20 having a light transceiver 30 

with the PCB 1. The optical link module 20 also has a 
case 40 and a host connector 50. 

The light transceiver 30 has a light-emitting 
module 31 enclosing a semiconductor laser or another 

25 light-emitting element, a light-receiving module 32 

enclosing a photodiode or another light-receiving 
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element, and the PCB 1. The modules 31 and 32 are 
mounted on the PCB 1 . 

-The light-emitting module 31 has a sealed portion 

33 in which the light-emitting element is sealed, and a 
5 coupling portion 34 to be engaged with an optical 

connector receptacle (not shown) . 

The sealed portion 33 has a base member 35, a 
plurality of lead pins 36, and a radiator plate (not 
shown) . The lead pins 36 used for signal lines are 

10 designed so that impedance matching is achieved. The 

lead pins 36 and the radiator plate are fixed to the 
bottom surface of the base member 35. The lead pins 36 
and the radiator plate are made of a metal such as 
Kovar . Some of the lead pins 36 used for a grounding 

15 line are electrically connected to the radiator plate. 

The coupling portion 34 has a ferrule including an 
optical fiber, a sleeve for holding the ferrule, or the 
like. The both side surfaces of the coupling portion 

34 are provided with projections 34A for coupling with 
20 interlocking teeth of the connector receptacle, and 

guide ribs 34B for defining an angle between the 
coupling portion 34 and the connector receptacle when 
the receptacle is attached to the coupling portion 34. 

The light-receiving module 32 has a sealed portion 
25 in which the light-receiving element is sealed, and a 

coupling portion to be engaged with an optical 
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connector receptacle. The sealed portion has a 

structure in which the light-receiving element is 
sealed in place -of- the light-emitting element in the 
sealed portion 33. The coupling portion has the 
5 structure identical to the coupling portion 34 of the 

light-emitting module 31. 

A plurality of wiring patterns 37 for the signal 
lines are formed on top and bottom surfaces la and lb 
of the rear end of the PCB 1. A wiring pattern 38A for 
10 a power supply line and a wiring pattern 38B for a 

grounding line are formed so that the wiring patterns 
37 are disposed therebetween. The wiring patterns 38A 
and 38B are longer than the wiring patterns 37 and 
extend to the vicinity of the edge of the PCB 1. An IC 
15 39, which is an electronic device for waveform shaping, 

is mounted on the both surfaces la and lb. The signal 
transmission lines on the board 1 electrically connect 
the lead pins 36 of the light-emitting module 31 and 
light-receiving module 32 to the wiring patterns 37, 
20 38A and 38B and IC 39. 

The case 40 is a cylindr ically shaped metal body. 
The case 4 0 has rectangular openings 4 1 and 42 at the 
both ends thereof. The inner surfaces of the side 
walls of the case 40 opposite to each other are 
25 provided with rails 43 extending along the length of 

the side walls. 
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The host connector 50 is a rectangular solid made 
of resin. An opening 51 for interlocking with the end 
of board 1 is provided on the -front- of the host 
connector 50. A plurality of metal spring terminals 52 
5 is provided on the surface of the opening 51. 

The host connector 50 is fixed near the rear 
opening 42 of the case 40. The light transceiver 30 is 
inserted into the case 40 from the front opening 41 by 
sliding the board 1 along the pair of rails 43. The 

10 rear end of the board 1 interlocks with the opening 51 

of the host connector 50. Thus, the wiring patterns 37, 
38A and 38B of the board 1 are electrically connected 
to the spring terminals 52. 

Because the light transceiver 30 has the above- 

15 described PCB 1, the characteristic impedance can be 

stabilized, and therefore the light transceiver 30 can 
display stable capability of data transmission. 
Particularly, since favorable reflective characteristic 
can be obtained in a frequency region around 10 GHz, 

20 the characteristic impedance can be suitably stabilized 

in the light transceiver 30 even when signals are sent 
and received at a speed of 10 Gbps or greater. 

Fig. 7 is a perspective view of a transponder 60 
having the PCB 1. In the transponder 60, a light- 

25 emitting module 61 and a light-receiving module 62 are 

mounted on the PCB 1. Optical fibers 63 and 64 are 

20 
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connected to the front ends of the light-emitting 
module 61 and the light-receiving module 62, 

— respectively . On the PCB 1, a multiplexing TC 65 - is 

mounted at the back of the light-emitting module 61, 
5 and a demultiplexing IC 66 is mounted at the back of 

the light-receiving module 62. 

The light-emitting module 61 and the light- 
receiving module 62 are electrically connected to the 
multiplexing IC 65 and the demultiplexing IC 66 by the 

10 signal transmission lines of the PCB 1, respectively. 

The light-emitting module 61 includes a semiconductor 
laser diode, driver, or the like, and converts 
electrical signals from the multiplexing IC 65 into 
optical signals to output them through the optical 

15 fiber 63. The light-receiving module 62 includes a 

photodiode, preamplifier, or the like, and converts 
optical signals from the optical fiber 64 into 
electrical signals and outputs them to the 
demultiplexing IC 66. Electronic components such as a 

20 processing IC 67 and the like are mounted at the back 

of the ICs 65 and 66. A connector 68 is mounted on the 
rear end of the board 1 at the back of these electronic 
components. 

Because the transponder 60 has the above-described 
25 PCB 1, the characteristic impedance can be stabilized, 

and thereby the transponder 60 can display stable 
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capability for data transmission. Particularly, since 
favorable reflective characteristics can be obtained in 
a frequency region around 10 GHz, the characteristic 
impedance can be suitably stabilized in the transponder 
5 60 even when signals are sent and received at a speed 

of 10 Gbps or greater. 

The preferred embodiment of the invention is 
described above, however; the present invention is not 
limited to the embodiment. The extended portion 15C in 

10 the embodiment protrudes by the uniform distance toward 

the signal via 13 from the ground vias 18A, 18C and 18F. 
However, the multilayer PCB of the present invention 
may have an extended portion 151 as shown in Fig. 8A. 
The edge of the extended portion 151 has concavity 15L 

15 along the transmission line 11. The concavity 15L is 

directly under the transmission line 11. A part of the 
extended portion 151 overlaid with the transmission 
line 11 protrudes more shortly than the parts on both 
sides of the overlaid area. As shown in Fig. 8B, the 

20 PCB of the present invention may have an extended 

portion 15J having a semicircular edge 15M around the 
signal via 13. The edge 15M is overlaid with the 
transmission line 11. Furthermore, as shown in Fig. 8C, 
the ground vias 18A to 18H may be disposed at equal 

25 intervals on a circular line around the signal via 13 

in a plane perpendicular to the signal via 13. In this 
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case, the PCB may have an extended portion 15K having 
the semicircular edge 15M around the signal via 13. 

The transmission 'lines 11 and 12 in the" above- 

described embodiment are so-called microstrip lines, 
5 which are formed on the surfaces of the board 1. 

However, the transmission lines may be so-called strip 
lines formed inside the board. The above-described 
.embodiment have the first to third layers, but the 
multilayer PCB of the present invention may have two 

10 layers, four layers or more. The above-described 

signal via 13 includes two vias 13A and 13B connected 
by way of the via land 19. However, the signal via may 
be an one-piece conductor. In this case, the via land 
is not necessary. The above-described vias all have a 

15 structure in which conductive material filled into the 

via holes. However, hollow vias in which the side 
walls of the via holes is coated with conductive 
material may be used. The hollow signal vias may have 
two hollow vias coaxially connected to each other, and 

20 a ring-shaped via land may be disposed between the 

hollow vias. 

From the invention thus described, it will be 
obvious that the embodiments of the invention may be 
varied in many ways. Such variations are not to be 
25 regarded as a departure from the spirit and scope of 

the invention, and all such modifications as would be 



23 



FP03-0004-00 



obvious to one skilled in the art are intended for 
inclusion within the scope of the following claims. 
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